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(54) COIVIPOSmON CONTAINING SOLUBLE THROMBOMODUUNS 

(57) TTie invention relates to a soluble thrombonxxJ- 
ulin corrposition connprising one or irxsre nwlecular spe- 
cies of soluble thrombomodulins and at least one 
memt>er selected from the group consisting of maltose, 
lactose, sucrose, arginine and salts thereof, and nonionic 
surfactants; a process for producing the composition; a 
stabilizer and a stabilizing method for soluble thront)o- 
modulins; arxJ an adsorption inh^tor arxl an adsorption 
inhitiitory method for stMuWe thromlKtfnodulins- The 
invention can provide a lyophUized soluble thrombomod- 
ulin preparation virtiich is excellent in long-term stability, 
preverrted from being adsorbed onto a container, and 
useful as a preventive and remedy for cfiseases related 
to t^ood coagulation, and a process for producing the 
preparation. 
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Description 

FIELD OF THE INVENTION 

5 This invention relates to a composition containing as its critical conponents at least one species of soluble throm- 

bomodufin and at least one member selected from maltose, lactose, sucrose, and arginine arid a salt thereof; and a 

method for produong such composition. 

Tttis invention also relates to a composition containing as Ks critical components at least one spades of solut>le 

thrombomodulin and a nonionic surface-active agent; and a method for producing such composition. 
10 Furthermore, this irrverttion also relates to a composition containing as its critical components at least one species 

of soluble thrombomodutin: at least one mennber selected from maltose, lactose, sucrose, and arginine and a salt thereof; 

and a nonionic surface-active agent; and a method for producing such composition. 

Still further, this invention relates to a stabilizing agent for a solutste thrombomodulin containing at least one member 

selected from maltose, lactose, sucrose, and arginine and a salt thereof. 
15 Still further, this invention relates to a method for slatNlizing a soluble throrrtxinrxxiulin conrprising the step of adding 

at least one member selected ffcm maltose, lactose, sucrose, and arginine and a salt thereof to the soluble thrombo- 

rrxxfutin. 

Still further, tNs invention relates to an anti-adsorption agent for a solut>le throrrbonrtodulin containing a nonionic 
surface-active agent. 

20 Still further, this inverrtion relates to a method for preventing adsorption of a soluljle thrombonrodulin comprising the 
step of adding a nonionic surface-active agent to the soluble thrombonxxjufin. 

BACKGROUND ART 

25 Thrombomodulin is a protein found at vascular endotheriat cell surface that has a unique nature of converting 
thront>in from a coagulant enzyme to an anti-coagulant enzyme, and it was reported in 1981 (EsnK>n et al., Proc. Natl. 
Acad. Sci. LiSA. 78, 2249-2254. 1981). In the subsequent report. Esmon et al. reported that they have succeeded in 
isolating the thrombomodulin from rabt)il lung tissue (Esmon et al.. J. Biol. Chem.. 257(2), 859-864. 1982). The entire 
DNA sequence and the amino acid sequence of human thromlx)modulin were then reported (EMBO J.. 6, 1891-1897. 

30 1987; Biochemistry, 26(14), 4350-4357, 1987). and various stiAfies have been conducted to reveal the functions of 
different domains of the thrombomodulin. Today, it is concaved that throrrtemodutin binds with thrombin to form a 
thront^in-thron^bomodulin complex, and the t)tood coagulation activity of the thrombin Is thereby lost; and in turn, the 
resulting thronntMn-thronr^modulin complex activates protein C to induce anti-coagulation activity. In ath& words, the 
throrrtx>modultn may simuttaneousty irxiuce the blood coagulation inhibitory action and the fibrinolytic action, and dtnical 

35 applicafa'on of throrrt^onrxxJufin is highly awaited. 

Conventional therapeutic agents tf^at have been used for diseases related to blood coagulation activity disorders 
include agents having an anti-coagulation activity such as antithrombin III and heparin as welt as agerns having a throm- 
bolytic activity such as urokinase, streptokinase. ar>d tissue plasminogen activator. These agents, however, suffer from 
side effects such as tendency to hemorrhages, and their actions are either inclined to blood coagulation or thromtx}lysis. 

4o In view of such situation, a great expectation is heki for the clinical application of a sU>stance ^at may sinuiltaneousiy 
have the anti-coagulation activity arxl tfie thrombolytic activity such as tfirombomodulin, and a thrombomodulin-like 
substance that may have the thrombonrKxiulin activity, i.e. both the affirtity tor ^rombin and the protein C-activating 
activity. 

Human thrombonxxlulin lias a low solubitity. ard when the human tfvombomodulin is used for a medicament, such 
45 low solutHlity results in the difficulty of purification as well as the difftcufty in producing the preparation. More illustratively, 
throrrbomoduftn is a mennbrane4x>und protein comprising five domains, that is, amino terminal domain, domain of EGF- 
Itke structure, domain of O-glycositation site, trar^snnembrane domain, and cytoplasmic domain, and the throrrtbonnodutin 
of full length amino acid sequence would require a sdubilizing agent upon its purification or production into a preparation. 
Therefore, ttiere have l>een a strong demand for a throntfywrodufin-like sukistance ttet may have an increased solubility 
50 (which is hereinafter referred to as a solut>le thronribomodufin). In cortskf eration of antigenicity and other safety require- 
ments, a natural human ttirombomodulin, such as natural human urine thrombomodulin is most desiratrfe. Of the soluble 
throrrtx>modulins, typical genetically engineered soluble thron^xMnodutins arethromtxinxxiunr^ having transmembrane 
and cytoplasmic domains deleted therefrom such as Japanese Patent Application Laid-Open Nos. 1(1989)-6219, 
2(1990)-255699. 3(1 991)- 133380. 3(1991) 259084, and 4<1992)-2 10700; PCT Appfication Japanese Language Laid- 
55 Open NOS. 3(1991)-503757and 4(1992)505554, EP474273, WO91/04276. WO91>D5803. W091/15514, W092AK)325. 
WO92/03149, and W093/15755; and Doi et al., the Pharmaceutical Society of Japan. 1 13rd Meeting. Lecture Suirama- 
ries 3, Lecture No. 30EM14-1. 1993. Typical natural thromt)omodulins include human urine 50lul)le thronntx>modulins 
as disclosed in Japanese Patent Application Laid-Open Nos. 63(1988)-30423, 63(1 988)- 146898, 3(1991)-86900. and 
3(1991)-218399; Ishii et al., J. Oin. Invest.. 76, 2178-2181. 1985; Hiramoto et aL. the Pharmaceutical Society of Japan. 
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108th Meeting, Lecture Summaries. Lecture Na 6F05 11-1, 1988; >fetani et al.. Vessels (Ketsueki to Myakukan), 20. 
197-200. 1989: and Y^mamoto et al.. J. Biochem., 113, 433-440, 1933. 

Wrth regard to the genetically engeneered solut)te throniborTxxlulins. Japanese Patent Appttcation Laid-Open No. 
1(1989)-6219discloses a soluble thromboniodunn comprising at least the amino acid sequence of from 345th to 462nd 
5 amino add residues from the amino terminal; Japanese Patent Application Laid-Open No. 2(1990)-255699 discloses a 
soluble thrombomodulin comprising 115 amino acid residues; Japanese Patent Application L^-Open No. 3(1991)- 
133380 discloses a soluble thronttonrKxtutin comprtstng at least the amino add sequence of from 1st to 497th amino 
acid residues from the amano terminal: Japanese Patent Application Laid-Open Na 3(1991)-259084 disdoses a soluble 
thrombonrxxfulin comprising 468 amino acid residues; Japanese Patent Applicalion Laid-Open No. 4(1 992)-2 10700 dis- 
10 closes a soluble thrombomodulin that is not nxxlHied with sulfated glycosaminogrican; PCT Application Japanese Lan- 
guage Laid-Open No. 3(1991)-503757 disdoses a solut)le thrombomodulin that may contain a part of the amino acid 
sequence of human tissue plasminogen activator; PCT Application Japanese Language Laid-Open No. 4{1992)-505554 
discloses a sotutrfe thmmbomodulin that may contain a part of amino add sequence of human tissue plasminogen 
activator; EP474273 disdoses a soluble thrombomodulin containing the thrombin-binding site conrprising 1 9 amino acid 
15 residues and the protein C-activation site; W09 1/04276 discloses a solut>le thromtx>nrxxiul(n having a sugar chain con- 
taining chorxfroitin and/or dwndroitin suffate; WO91/05803 discloses a soluble thrombomodulin that is nrxxlified with 
sulfated glycosaminogtican; W091/15514 discloses a solut^e thrombomodulin wherein methionine is substituted with 
another amino add to prevent oxidation. WO92/00325 discloses a recombinant human urine soluble thrombonrKxiultn 
and mutants thereof; WO92/03149 disdoses a solufctle thrombomodulin wherein sugar chain at the domain of O-gly- 
, J 20 cosilation site is modified, and a soluble thrombomodulin having the domain of O-glycosilatton site deleted therefrom; 

W093/15755 disdoses a sotutsle thrombomodulin wherein the amino add sequence is modified to prevem proteolysis 
t>y a proteolytic enzyme; and W093/25675 disdoses a &olut>le thron^nxxfutin wherein cofactor activrty is modified by 
modifying the arxmo add sequence. Doi et aJ. disdoses a soluble thrombomodulin having added thereto an antino acid 
sequence containing an ackfrc omno add sequence from txvine thrombomodulin (the Pharmaceutical Sodety of Japan, 
25 1 1 3rd Meeting. Lecture Summaries 3. Lecture No. 30 EMI 4-1 . pi 28. 1 993). 

With regard to natural solut>le thromtx>modulins from hurmn urine, Japanese Patent Application Laid-Open No. 
63(1 988)-30423 disdoses a rruxture of soluble thromfc>onKxjulins having molecular weights under non-reduced condition 
of 200,000. 48.000 and 40.000. respectively; Japanese Patent Application l^id-Open No 63(1988)-! 46898 disdoses 
solut>le throrrtxxnodulins having molecular weights under non-reduced condition of 39.000 ± 10.000 and 31.000 ± 
30 10.000; Japanese Patent Application Laid-Open No. 3(1991)-66900 disdoses 6olut>le throrrbonrvxlulins having molec- 
ular weights under non-reduced concfition of from 55.000 to 58.000 arxi from 60.000 to 65,000; and Japanese Patent 
Application Laid-Open Na 3(1991)-218399 disctoses soluble thronr^omoduBns having rriolecular weights under non- 
reduced condition of 72,000 ± 3,000 arxl 79.000 ± 3.000. Ishii et al. cfisdoses soluble thromlx>nrKxfutins in plasma and 
urine (J. Clin. Invest. 76. 2178-2181. 1985); Hiramoto et al. disdoses several soluble thronri>onK>dunns in blood and 
35 urine (the Pharmaceutical Society of Japan. 108th Meeting. Lecture Summaries, Ijecture No. 6F05 11-1, 1988): Yatani 
et al. discloses a soluble thrombonrxxf ulin having a molecular weight under reduced condition of 63.000 (Vessels (Ket- 
sueki to Myakukan), 20. 1 97-200, 1 989); and Yamamoto et al. disdoses a soluble tfirombonxxfulin corrpristng 468 armno 
add residues (J. Biochenn.. 1 13. 433-440. 1993). 

In spite of the advantageous high solubility, the solul^le thrombonrxxiutin is insuffident in its chemical stability For 
40 exanple. even if the soluble thrombomodulin is tyophtltzed, it still suffers from diminished activity arvJ formation of aggre- 
gates after prolonged stcsage at room temperati^e of several ninths to several years. Depending on the conditions of 
the tyophifization. the solut>le thrombomodulin may also become slightly denatured. If the solut>le thrombomodulin were 
denatured, and the denatured solut^le thrcMnbomodufin with the aggregates formed through such denaturing were admin- 
istered to hunnan k>kxxJ. there would be a fair riskof the aggregates, which is a denatured protein, irvludng hypersensrtivfty 
45 and other immunological responses as well as thrombosis. At present even if the solutsle thrombomodulin were to be 
used for a medidne. it m quite difficult to produce a preparation that can t>e reriat)ly stored for a prolonged period of time 
without losing the quafity required in the medical field. 

Several reports are present that disdose particular types of sugars to be capattle of stat>ilizlng particular types of 
proteins. At tfte same time, some reports disdose that particular types of sugars are incapat^le of stabilizing partk;urar 
5Q types of proteins, or that particular types of sugars would destabiOze particular types of proteins. For example, destabi- 
lization of tubulin by sucrose is disdosed in Biochem. Bhiophys. Acta., 532, 155*160, 1978;arxJ Japanese Patent Appli- 
cation Laid-Open No. 59(1984)-59625 cfisdoses that sugars such as glucose was capatata of statHlizing the activrty of 
turmr necrosis factor, white sugars such as lactose, rr^tose arxl sucrose were utterly incapable of stabilizing the activity 
of the tumor necrosis factor. 

55 Production of preparations of thrombonrxxJuIin or thromlx)modulin-like substaix;es has scarcely been reported. In 
the "Detailed Descr¥)tion of the Invention" of Japanese Patent Application LaidOpen Nos. 1(1989)-6219 arxJ 2(1990)- 
255699 and W091A)4276. there is an indication off the use in an injection of sucrose, glycerin, methylcellulose or car- 
boxymelhylcellutose as an additive for the purpose ol increasing the viscosity of the ir^ ection. These references, however, 
are utterty silent atx>ut the stabilizing effect, arxl moreover, there is no illustrative denrx>nstration for the statjilizing effect. 
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Japanese Patent Application LakK)pen Nos. 1(1989)-6219. 2{1990)-255699 and 3(1991 )-2 18399 and WO92/00325 
desaibe formulations of the thronnboniodulin wherein albumin, purified gelatin or manr^ol is added. However, there is 
no description of the ruture or the stability of the formulation not to mention the merit of the addition of such additives. 
The inventors of the present invention have prepared a series of compositions containing the hun^n urine solut>le 
5 ifrontwmoduRn together with albumin, purified gelatin, glycine, glucose, or mannitol, and evaluated the resulting com- 
positions for their stability. However, such compositions failed to exhibit sufficient long term stability. As described above, 
no technique has been so far disdosed that would enable long term storage at room temperature of the soluble throm- 
bomodulin preparation. 

Specific activity of the sotuWe Ihromborrodulin is quite high. Accordingly, when the soluble thrombomodulin is cfin- 
10 ically used, it is used at a quite minute dose, and it is often cfituted to a very low concerrtration with an infusion for the 
purpose of continuous adrrtnistration. It has been found that the soluble throoAwmoduIin that has been diluted to a low 
concentration with an infusion is Dkely to become adsort>€d on the surface of the corrtainer such as a glass container, 
a plastic container, and an infusion bag and tubes, and in particular, on the plastic container and the infusion bag and 
tibes. This inplies that there is a risk of decrease in the effective amount of the soluble thrombomodulin in actual 
15 administration. Known anti-adsorption means that have been reported include use of t>asic amino acid for preventing 
the adsorption of secretin (Japanese Patent Application LaidOpen No. 57( 1 982)- 1 69425) and use of a cellulose deriv- 
ative, a nonionic surface-active agent or melhylcydodextrin for preventing the adsorption of the secretin, insulin and 
other low mdecular weight peptides (Japanese Patent Application Laid-Open Nos. 58(1983)-206513, 59-76024. and 
gQ(l9g5)-1 00524) No technique, however, has so far been disclosed for the prevention of the adsorption of the soluble 
20 thrombomodulin. 

.CU IMMARY OF THE IMVENTION 

An object of the present invention is to provide a highly stable soluble thrombomodulin-containing composition which 
25 can be stored far a prolonged period. Another object of the present invention is to provide a highly statae soluble throm- 
bomodulin-containing composition which would not exhibrt adsorption of the soluble thrombomodulin onto ttie surface 
of the container after diluting to a lower concentration. More illustratively, the object of the present invention is to provide 
a lyophilized soluble thron*)omodulin-contairnng composition that can be used as a highly safe, stable medicament even 
after storing for a prolonged period at room temperature. Furthernrwre, the object of the present invention is to provide 
30 a lyophUized soluble thron<)omodulin-containing composition that can be used as a medicament that wouJd not undergo 
decrease in the amount of the 6otut)le thrombonxxiulin by the adsorption of the so!ut)le throrrbomodulin onto the con- 
tainer after diluting into an aqueous solution of a low concentration. 

A furttier object of the present invention is to provide a stabilizing agent and a method tor stabflizing the soluble 
thrombomodulin. 

35 A stiil further object of the present invention is to provide an anti-adsorption agent and a method for preventing 
adsorption of the solutrfe thrombomodulin. 

In order to solve the problems assodated with the insufficient stafcttlHy of the soluble thronrbomodulm, the inventors 
of the present invention have made an intensive study of the soluble thrombomodulin, and in particular, in the lyopWIized 
soluble thron4x)modalin conposition. and found that oimixing of maltose (which may be a- or p-maftose or a mixture 
40 thereof at any desired mixing ratio; unless othenwise noted, the term, maltose includes all of these species), lactose 
^ s (which may be a- or p- lactose or a mixture thereof at any desired mixing ratio; unless othenwise noted, the temn, lactose 

"^^■^ includes aU of these species), sucrose, or arginine (which may be D- or L-arginine or a racemic form thereof; unless 

othenwise noted, the temi, argWne includes an of these species), or a salt thereof with the solulrfe thrombomodulin is 
highly effective in staWlizing the soluble thronnbomodulin, and particularly, in stabflizing the soluble thrombomodunn for 
45 a prolonged period of time. It has also been found that a nonionic surface-active agent is effective in preventing the 
adsorption of the solutsle thrombonrKxfulin onto the surface of the container after its dOution to a low concentration. The 
present invention has been completed on such findings. 

In view of the above findings, there is provided in accordance with the present invention a soluble thrombomodulin- 
containing corrposition comprising a soMale thrombomoduDn and at least one member selected from maltose, lactose, 
50 sucrose, and arginine and a satt thereof as critical components; a thrombomodulin-containing composition further oom- 
pr^ng a nonionic surface-active agent; and throrribomodulin-containing corrposition comprising a soluble throrrbomod- 
ulin and a nonionic surface-active agent as critical components. 

The soluble thront>omodulin may preferably be a human urine soluble thrombomodunn. It is also preferable to use 
a recon«)inant human soluble thrombomodulin tor the soluble thrombomodulin. Accordingly, the soluble thrombomod- 
55 ulins that may be used in the present invention include those described in the known references cited in the foregoing 
"Background ArT, wHch are incorporated herein by reference. 

The human urine soluble thrombomodulin may preferably have a partial structure and properties as d escribed below: 
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a) molecular weight: 72.000 ± 3,000 

[measured by scxlium dodecyt sulfate (SDS)-polyacrylam)de gel electrophoresis (PAGE) under non-reduced corvii* 
tion); 

b) isoelectric point: 3.9 ± 0.2: 

c) terminal amino acid sequence 
N termirial: 

Ala-Pro-Ala-Glu-Pro-Gln-Pro-Gly-Gly- 
Ser-Gln-Cys-Val-Glu-His-Asp-Cys-Phe-Ala-Leu-Tyr- 
Pro-Gly-Pro-Ala-Thr-Phe-Leu- , 



and 

C terminal: -Leu-Ala-Arg or -Leu-Val-Arg; and 
d) sugar composition (% tyy weight): 
neutral sugar: 5.5 ± 1.0% 
(measured by phenol sulphuric acid method), 
amino sugar 2.2 ± 1 .0% 

[measured by Elson-Morgan*s method (Blix's modification)], and 
sialic add: 2.8 ±1.5% 
[measured by Warren's mettiodj. 

Altematively. the human urine solut^le thrombomodulin may preferably have a partial structure and properties as 
described belcw: 

a) molecular weight: 79.000 ± 3,000 

[measured by SDS-PAGE under nor»-reduced corxJrtion): 

b) isoelectric point: 3.8 ± 0.2; 

c) terminal amino acid sequertce N terminal: 

Ala-Pro-Ala-Glu-Pro-Gln-Pro-Gly-Gly- 
Ser-Gln-Cys-Val-Glu-His-Asp-Cys-Phe-Ala-Leu-Tyr- 
Pro-Gly-Pro- Ala-Thr-Phe-Leu- , 



and 

C terminal: -Leu-Ala-Arg or -Leu-Val-Arg; and 
d) sugar conrpositton (% by weight): 
neutral sugar: 6.2 ± 1 .0% 
(measured by phenol sutphuric acid nnethod}, 
arrano sugar 3.1 ± 1.0% 

[rrteasured by Elson-tk^organ*s method (Blix*s nwxfif ication)], and 
^cadd: 3.8±1.S% 
[measured by Warren's method]. 

According to the (»^esent invention, there is also provkJed a solut>le thromtx>modultrvcontairv*r)g composition com- 
prising two or more molecular spedes of &olut)le thromtxjmodufins and at least one member selected from maHose, 
lactose, sucrose, and arginine and a salt thereof as critical components; a thrombomodidin-containing composition fur- 
ther coiTprising a noniontc surface-active agent: arxl a Ihrombonrwdulin-containing composition comprising solut>le 
throrT4)omodulins and a rwnionic surface-active agent as critical components. The preferable spedes of the soti^e 
throrrtxwnodulins used for the conposition are the same as those used for the composition of the al)cve-descnl>ed 
aspect of the present invention. 

The soluble thromlx>moduGr>-oontaining composition according to the above-described aspects of the present inven- 
tion may preferably be in the form of a lyophtlized composition. 
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According to the present inventoa there is also provided a use of the ccmposition wherein the soluble thrombo- 
modutin-containing ooniposib'on comprising a soluble thrombomoc&ilins and at least one member selected from maltose, 
lactose, sucrose, and arginine and a salt thereof as critica] corrponents; arxi a noniontc surface-active agent are sepa- 
rately prepared, and mixed immediately before the administration of the corrposition. The preferable species of the 

5 solutsle thrombomodulins used tor the composition are the same as those used for the composition of the above- 
described aspect of the present invention. 

According to the present invention, there is also provided a method for producing a soluble thromlx>modulin-con- 
taining composition comprising the step of preparing a solution of a soluble thromtx>modulin and at least one member 
selected from the group consisting of maltose, lactose, sucrose, arginine and a salt thereof, and a rwnionic surface- 

10 active agent 

According to the present invention, there is also provided a method for producing a sotufc^ie thrombomodutin-corv 
taining composition comprising the steps of preparing a solution of a solutde thrombomodulin and at least one member 
selected from the group consisting of maltose, lactose, sucrose, arginine and a salt thereof, arxi a nonionic surface- 
active agem; and tyophillzing the soliAde thrombomodunn-containing cornposition in the form of the solution. 

IS According to the present inventfon. there is also provided a method for producing a soIut)le thromtx>modulin-con- 
taining composition comprising the step of preparing a solution of two or more molecular species of soluble thrombo- 
modulins and at least one member selected from the group consistuDg of maltose, lactose, sucrose, arginine and a salt 
thereof, and a rK>nionic surface-active agent. 

According to the present invention, there is also provided a method for produdng a solutrfe thrombomodulin-con- 

20 taining conrposition oonrprising the steps of preparing a solution of two or more molecular species of soluble throrribo- 
modulins and at least one member selected from the group consisting of maltose, lactose, sucrose, arginine and a salt 
thereof, and a noniontc surface-active agent: and lyophiltzing the solutDte thrombomodulin-containing composition in the 
form of the solution. 

According to the present invention, there is also provided a method for stabilizing a soluble thrombomodulin conv 
25 prising the step of adding at least one member selected from maltose, lactose, sucrose, and arginine arxf a salt thereof 
to the soluble thrombomodulin. According to the present invention, there is also provided a stabilizing agent for a soluble 
throrrix>nrkodulin corrprising at least one merrber selected from maltose, lactose, sucrose, and arginine arvS a salt 
thereof. According to the present invention, there is also provided a method for preventing adsorption of a Golut)te throm- 
bomodulin corrprising tfie step of adding a nonionic surface-active agent to the soli^e thrombomodidin: and an anti- 
30 adsorption agent for a solut>le thrombomodulin comprising a ruxiionic surface-active agent 

According to the present invention, there is also provided a method for stabtlizing two or more molecular species of 
soluble thromtx)modulinE comprising the step of adding at least one member selected from maltose, lactose, sucrose, 
and arginine and a salt thereof to the two or more molecular species of eotutste thromtx>modulins: and a method for 
preventing adsorption of two or rrare molecular species of soluble thrombomodulins comprising the step of adding a 
35 ru>nionic surface-active agent to the two or more molecular spedes of solutsle thromtx)modulins. 

According to the present invention, there is also provided a soluble throrntx>modunn-oontaining pharmaceutical 
conposition comprising a pharmaceutically effective amount of a soluble thrombomodulin and at least one member 
selected from maltose, lactose, sucrose, and arginine and a salt thereof as critical corrponerrts; a solutile thrombomod- 
unr>-containing pfiarmaceutical composition as descnlied above further compristng a pf>armaceutically acceptable non- 
40 ionic surfactant; ar^ a solul>le throrrtximoduiifvcontaining pharmaceutical composition corrprising a pfiarmaceuticaBy 
effective amount of a soluble thrombomodulin arxi a pharmaceuticaDy acceptatrfe nonionic surface-active agent Accord- 
ing to the present invention, there is also provided a prophylacticAtherapeutic agent for tjlood coagulation disorder-related 
diseases tfiat is Nghly stable even after storing for a prolonged period of time and wherein the soluble thrombomodulin 
is prevented from being adsorbed onto the surface of the container after its dilution to a low concentration. The preferatsle 
45 spedes of the soluble tfirombomodulins used are the same as those used for the composition of the above-described 
aspect of the present invention. 

BEST MODE FOR CARFiYIMG OUT THE INVEfSlTION 

50 The present invention is hereinafter described in further detail. 

The solut)te thromtxxnodulin used in the present invention may be either a natural soluble thromtxvnodulin or a 
genetically engineered solutile thrombonrxxlurin. The genetically engineered soluble thrombomoduGn may also be a 
modified soluble thronrt>onrxxiulin or a chinwric soluble tivombonrxxiutin. Typical solutDte throiTtx)nrkoduUns are those 
described in conjunction with the prior art When the conrposition of the present irretention is used for a medicament, use 

S5 of a soluble t}vonntx>modufin of human origin is prefened. and in particular, use of a solutsle tfvomborrKxf Utn of human 
urine origin is preferred. 

Typical natural soluble thrombomodulins indude those described in Japanese Patent Application LaidOpen No. 
3(1991 )-21 8399 having a nrx>lecutar weight under norvreduced condition of 72.000 ± 3.000 (herdnafler referred to as 
UTMI) and 79,000 ± 3,000 (hereinafter referred to as UTM2). Typical genetically engineered soluble thronnbonx)dulins 
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include recombinant hunrtan urine soluble thrombomodulins described in WO92/00325. and soluble thrombomodulin 
described in Japanese Patent Application Laid-Open No. 1(1989)-€219 comprising 498 amino acid residues with the 
amirK) terminal amino acid sequence of Ala-Pro-Ala-. When the soluble thrombomodulin is used for a mecficam^t, the 
soluble thrombomodulin shojW be purified to a pharmaceutically acceptable le^el. 
5 In the conrposition of the pres&it invention, the sotutile thrombomodulin may be used either alone or in a combination 

of two or nrore molecular species of the soluble thrombomodulins mixed at any desired nwdr^ ratio. Typical such com- 
binations are combination of 2 types of human urine soluble thrombomodunns disclosed in Japanese Patent Application 
Laid-Open No. 3(1 991 )-2 18399. arxJ combination of solutjie thrombomodulins having different sugar chain structures 
as disclosed in WO91/04276. 

10 The natural soluble throirbomodulin may be produced in accordance with the nrtethod described in Japanese Patent 
Application Laid-Open No. 3(1991)-218399 or 3(1991)-86900. The recombinant soluble thrombomodulin may be pro- 
duced in accordance with the method described WO92/00325, Japanese Patent Application Laid-Open No. 1(1989)- 
6219.orW091/D4276. 

The stabifizing agent used in the present invention may be a disaccharide having redudbility, sucrose, or an amirK) 

75 acid. More illustratively, in the present invention, at least one member selected from maltose, lactose, sucrose, and 
arginine and a salt thereof is used as the stabilizing agent in stabilizing the solutale thrombomodulin. The salt of the 
arginine may be either a salt with an inorganic acid or with an organic acid so long as the salt is pharmaceutically 
acceptable. Exerrplary preferable salts are hydrochloride, citrate, and sulfate, the hydrochloride beng the most preferred. 
The amount of such stabilizing agent used is not limited to any particular range. Typical amount used is in the range of 

20 from about 0.1 mg to atxxrt 1 .000 mg per 1 nng titer of the soluble thrombonxxJuIin. The anxmnt used may preferably 
be from atx>ut 0.5 mg to about 500 mg, arxi more preferably, from about 0.5 mg to about 100 mg per 1 mg titer of the 
soluble thrombomodulin. When the composition is to be lyophilized and the additive used for the stabilization of the 
soluble throrrbomodulin is sucrose, use of a somewtiat smaller amount is preferred since a lyophiTized composition 
containing the sucrose at a high nraxing. ratio in relation to the soluble ttironnbomodulin may collapse during its storage. 

25 Preferred amount of the sucrose used is in the range of from atout 0.5 mg to about 50 mg per 1 mg titer of the soluble 
throrrbomodulin. If desired, a high nv>lecular weight compound such as dextran may be used in combination v«th the 
sucrose in order to prevent such collapse. 

It should be noted that the stabilizing agent selected from maltose, lactose, sucrose, and argir^ne artd a salt thereof 
is preferably used at an amount of 100 mg or less p©^ 1 ml of the solution (composition) containing the soluble throm- 

30 bomodulin. In addition to the effect of statDilizing the soluble thrombomodulin, such stabilizing agent may additionally 
serve as a cfiluent, buffering agent, isotonizing agent, dispersing agent or the like depending on the amount used. 
Therefore, the amount of such additive used should t>e detennined by taking the intended use of the resulting composition 
into consideration. 

The anti-adsorption agent used in the present invention is a surface-active agent which may preferat)ly be a nonionic 
35 surface-active agent The nonionic surface-active agent may preferably the one that is phanmceuticaHy acceptable, and 
it not fimited to any particular species. Exemplary preferable surface-active agent Include an ethylene oxide-propylene 
oodde copolymer, a poly{oxyalkylene) mono- or tri-soibitan ester (a fatly acid ester of sortxtol arxJ an anhydride thereof 
that has k>een copolymerized with various molar nun*ers of ethylene oxide), polyoxyethylene-hardened caster al, and 
the Oke. Typical ethylene oocide-propylene oxide copolymers include Pluronic F68, Poloxamer 188. etc.; and typical 
40 po!y(oxyaIkylene) mono- or tri-sorbitan esters indude Polysortjate 80 (olate ester). Polysorbate 20 (laurate ester), Polys- 
oft)ate 40 (palmitate ester). Polysort>ate 69 (stearate ester), etc.; and typical polyoxyethylene-hardened caster oils 
include HCO40. HCO60, etc. One or more nonionic surface-active agents selected from the atxjve-merrtioned species 
may t>e used in the present invention, and when one nonionic surface-active agent is ised. it is preferable to use an 
ethylene oxidei>ropylene oodde copolymer or a poly(axyalkytene) mono- or tri-sortwtan ester; and more preferably. 
45 Pluronic F68. Polysort>ale 80. or Polysort>ate 20: and nnosl preferably, Plurortic F68. 

The amount of the noniorw; surtace-active agent added as an anti-adsoripion agent is not limited to any particular 
range When the solutrfe thrombomodulin-containing composition is in the form of an aqueous solution, the nonionic 
surface-active agent may be desirably used at a concentration of 0.00005% by weight or higher. In other words, the 
nonionic surface-active agent may be desirably used at a sufficiently low concentration at virtiich the nonionic surface- 
so active agent itself would not exhibit any pharmaceutical activity in the Rving IxxJy after its adnrnnistration. In conjunction 
with such consideration, the nonionfe surface-active agent may be desirably used in an aqueous solution of the soluble 
throrrbomodulin of at a concentration of 1% by weight or less. The effectivity of the anti-adsorption component may vary 
in accordance virith its concentration and with the material arxJ surface area of the container, and therefore, the nonionic 
surface-active agent may be used at a suitat^le arrwunt in accordarice vwth the dilution ratio of the composition in dintcal 
55 use, or material and size of the container used for the dilution. Preferably, use of the noniorwc surface-active agent at an 
amount that would result in the atxTve-descritied concentration of from 0.00005 to 1% by weight is suitable for attaining 
the objects of the present invention. In acWition, it is preferable to use the nonionic surface-active agent at an amount 
that would reach a concerrtration of from 0.0001 to 0.01% by waghl in ttie body when its adnrBnislration. 
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The maHose^ tactose. siicrose. and arginine and a salt thereof, or a nonionic surface-actrve agent used in the present 
invention as an essential component for stabilization or anti-adsorption may be used either aJone or as a combination 
of two or more. Typical combinations tndude maltose arxJ a ru>nforBC surface-active agent; lactose and a rwrvonic surface- 
active agent: sucrose and a nontonic surface-active agent; argirune and a nonionic surface- active agent: maltose and 
arginine; lactose and arginine; sucrose and arginine: maltose arvi lactose: maltose and sucrose; lactose arxi sucrose; 
maltose, lactose, and sucrose: maltose, arginine and a nonionic surface-active agent, lactose, ar^nine and a nonionic 
surface-active agent; and sucrose, arginine and a nonionic surface-active agent; and mixing ratio of the components is 
not limited to arry particular ranga In the above-mentioned combinations, the nonionic surface-active agent may be used 
either alone or in combination of two or mora 

Of the alxsve-mentioned combinations, the preferred are combinations of at least one member selected from mal- 
tose, lactose, sucrose and arginine together with a nontonic surface-active agent, and prefened nonionic surface-active 
agents used in such combinations are Pluronic F68, Potysorbate 80 and Polysort>ate 20, among which Pluronic F68 
being the most preferred. In other words, the most preferable combinations are maltose and Pluronic F68; lactose and 
Pluronic F68: suaose and Pluronic F68; and arginine and Pluronic F68, which may be mixed at any desired mixing ratio. 

The soluble thrDrTtmmodutin-containing composition of the present invention may contain any desired stat^ilizers. 
preservativeSv arttis^tics, buffering agents, thickening agents, surface-active ager^. or the like that is required for the 
interxled use of the composition in addition to the solutde thromtxirrxxlulin arxi the at least one critical oonponent 
selected from maltose, lactose, sucrose, and arginine and a salt thereof. Alternatively, the soluble thromfcomodulin- 
containing composition of the present invention may contain any desired stabilizers, presen^tives. antiseptics, txjffering 
agents, thickening agents, surface-active agents, or the like that is required for the interxled use of the conrposition in 
addition to the solut)le thrombomodulin, the at least one critical corrponent selected from maltose, lactose, sucrose, and 
arginine and a salt thereof. ar>d the nonionic surface-active ager^. The solut>le thrombomodulin-containing composition 
of the present invention may contain any desired stabilizers, preservatives, antiseptics, buffering agents, thickening 
agents, surface-active agents, or the like that is required for the intended use of the composition in addition to the 80lut>le 
throrrtx>modulin arxi the nonionic surface-active agent. The lycphiltzed preparation used for medication may contain 
any of preservatives, stabilizers, binders, diluents, disintegrants. nrx>istening agents. tut>ricants, cokmng agents, aromatic 
agents, flasforing agents, suspending agents, emulsifiers. solubilizers. buffering agents, isotonizing agents, surface- 
active agents, adsorption-preventing agents, soothing agents, and the like In accordance with the intended use of the 
preparation. In particular, inclusion in the preparation of a buffering agent for pH adjustment and a isotonizing agent for 
osrrxytic pressure adjustmem is preferred. Although the type and the anrwunt of the above-mentioned additives do rtot 
essentially influence the nature of the present invention, use of salf of such additive at an excessively high concentration 
is not preferable in view of the inhibition of the cake formation during lyophitization. 

The sdutrfe ttirombomodulin-containing composition of the present irrvention may be produced by dissolving at least 
one memt>er selected from maltose, lactose, sucrose, arginine and a salt thereof, and a nonionic surface-active agent 
in a solutk>n containing the solutile tiirombomodulin that has been prepared as described above to thereby produce a 
solution. 

Atterr^tively, the solut3le thrombomodufirvcontaining corriposition of the present invention may be produced by nix- 
ing the lyophilized solut)le thromtx)moduiin with the at least one member selected from maltose, lactose, sucrose, 
arginine and a sah thereof, and a nonionic surface-active agent and (fissotving the nrtixttre in a sdtaksle solvent such 
as distilled water or physiological saline, or alternatively, in a suitable buffer solution. In either case, the resuhb^ soluble 
tfvorTtx>modulin-oorrtaining corrposition conrtprises the solutsle thrombonxxfutin and the at least one menrtber selected 
from maltose, lactose, sucrose, arginine a salt thereof, and a nonionic surface-active agent cfissolved in a solution. It 
should also be rxrted that in either case, the at least one member selected from nnattose, lactose, sucrose, arginine and 
a salt thereof, and a noniortic surface-active agent may be dissolved in a suitable solvent t>eiore mixing writh the solulrfe 
throrrixHnodulin. When the soluble thrombomoduiin-containing composition is used as a mecficament. the additives 
used should be of pharmaceutically acceptatsle grade. 

The thus prepared solution nnay be lyophilized by a conventional procedure to prepare the composition in cake or 
powder form. When the scrfutale thronr4>onrxxJutin-corrtaining composition is used as a medicament, the solution may 
preferably be as^cally filtered and filled in vials, airpoules, or the like, and if desired, the thus filled solution may be 
lyophilized by a conventional procedure to produce a lyophilized preparation. 

When the soluble thrombonxxlulin-containing composition is used as a medicament, it may be administered by a 
conventiormt administration procedure, namely, (parenteral adnunistration such as intravenous, intramuscular, or subcu- 
taneous adrrtnisb-ation. The thromborrxxjufin-containing compositi'on in the form of lyophilized preparation may be dis- 
solved in water for injection t>efore its use, and then administered to the patient Oral administration is rx>t effective since 
the adirdnistered medicament would be subject to decorrposition in digestive tract. However, the composition can l>e 
orally administered if the conrposition is incorporated in Iposomes. microspheres, naru)£pheres or the like thai are less 
likely to l>e deconrposed in the digestive tract The composition can also be administered permucosafly from mucous 
membrane in rectum, nasal cavity, or hypoglottis. 
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Typical daity dose is 0.005 to 500 mg titer, and preferable daily dose is 0.1 to 10 mg titer as disdosed in Japanese 
Patent Application LaidOpen No. 3(1 991)*2 18399. The dose, however, may be suitably ac^usted by taking the age. 
weight conditions and the Gke of the patierrt imo consideration. 

The thus produced composition of the present invention is stat)le throughout the processes of freezing, drying, 
5 storage, temperature elevation, arxi dissolution, and has an exceOer^ long term storability at room tenrperature. The 
stabilizir^g agent arxJ the anti-adsorption agent that have been found effective for use in the sotutrfe throrrbonrodulin 
composition of the present invention are highly safe, and when the ct^nposition of the present invention is used for a 
medicament, such additives enatrfe the high quality of the medicament to be retained for a prolonged period with no risk 
of inactivation or aggregate formation. In addition, when the composition of the presern invention is diluted to constitute 
10 an aqueous solution of tew concentration, the sotut^le thrombomodulin is prevented from being adsorbed onto the corv 
tainer surface, and therefore, the conposition of the present invention would not undergo a decrease in the effective 
amount of the soluble thrombomodulin even when it is diluted with an irrfusion at dinicat sites. Therefore, the solut>te 
throrrixxnodulin-containing composition of the present invention would constitute a highly safe, room tenperature-stor- 
at)le prophytactic or therapeutic agerrt that can t>e used for blood coagulation disorder-related diseases. The soluble 
15 thronri>omoduiin-containing composition of the present invention would also constitute a prcphytactic or therapeutic 
agent that can be used for tdood coagulation disorder-related diseases wherein the adsorption of the effective component 
onto the container surface is pre^/ented. The composition, the production method, the stabilization agent the stabilization 
method, the anti-adsorption agent and the anti-adsorption method of the present invention may also be utilized in the 
purification of the soluble thrombomodulin, or in the storage of soluble thrombomodulin stock. 

( ) 20 



The present invention is hereinafter described in further detail by referring to the Examples. 



25 rPreparation of solutJe t hrombomodulin-l > 

Purification of fiurron urine soluble th rombomodulrn 

Human urine solut)le throrrbomodulin was prepared in accordance with the procedure descrit>ed in Japanese Patent 
Application laid-Open Na 3(1991 )-2 18399. 100 liters of stock urine was adjusted to pH 8.5 with 10% NaOH and the 
30 precipitate was removed. The urine was then adjusted to pH 5.5 with 4M HCI. arwJ filtered through acrytonrtrile fil>er to 
adsorb and remove urokinase in the urine. The filtrate urine was desalted and concentrated by ultrafiltration through a 
ultrafiltration merrtbrane of 40.000-molecular weight cutoff. 

The urine concentrate was adjusted to pH 7.3. and heated to 60*0 for 15 minutes. The urine was ttien passed 
through a 300 ml column of DEAE-cellufose (manufactured by Whatman) ttial had been conditk>ned with 0.05M phos- 
35 phate Ixjffered saline. pH 6.5 cortaining 0.068M NaCI for adsorption of the active fraction in the urine. The column was 
washed vwth 750 ml of the buffer which was the same as the one used for the conditioning of the column, and subse- 
quently, the adsort»ed active fraction was eluted from the column with acetate buffer, pH 4.0 containing 0.05M NaCI. 

The eluate was concentrated with a uttraf Stration memtuane of 30.000-rrK>Iecular weight cutoff, and acQusted to pH 
7.5 with 2M NaOH. and passed through a 2.5 ml column of DIP-thrombin-agarose that had been conditioned with 0.02M 
40 Tris-HO buffer. pH 7.5 containing 0.1 M NaO. 1 mM benzamicfine hydrochloride. ar^J 0.5mM CaCta for adsorpticm of the 
active fraction. 

The colunvi was then washed with 25 ml of the buffer which was the same as the one used for the conditioning of 
the column, and the adsort»ed active fraction was eluted from the column with 0.02M Tris-HCI buffer, pH 7.5 containir>g 
1M NaCI, ImM benzarmfine hydrochloride, and O.SmM EDTA. The eluate was then dtalyzed against the buffer which 

45 was the same as the one used for the conditioning of the column, and purified by DIP-thrombin-agarose chromatography 
on a column which had a volume the same as the one used in the previous DIP-thrombin-agarose chromatography and 
which had been similarty conditioned. The same column was used for the second DIP-thrombin-agarose chromatogra- 
phy, and the column was washed wth 10 mt of the buffer which was the same as the one used for the conditioning of 
the column, and ttien. v«th 1 0 ml of 0.02M Tris-Ha buffer, pH 7.5 corrtaining 0.8M NaCI, 1 mM benzamidine hydrochloride. 

50 and 0.5mM CaCHz- The adsorbed active fraction was eluted from the column with 0.02M Tris-HQ txiffer, pH 7.5 containing 
1M Naa, ImM benzamkJine hydrochloride, and O.SmM EDTA. 

The eluate was concentrated with a uftraf iltration membrane of 30,000-molecutar weight cutoff, and tiie concentrate 
was subjected to gelfatration on 500 ml column of Sephaoyl S-300 (manufactured by Pharmacia Fine ChenrBcals) ttiat 
had been conditioned with 0.01 M phosphate tjuffered saline. pH 7.0 containing OAAhA NaQ to collect the active fraction 

55 (UTMO). In other series of purification, an active fraction (UTM1) corresponding to a molecular w^ght of 72,000 ±3,000. 
and an active fraction {UTM2) corresponding to a molecular weight of 79.000 ± 3.000 as measured by SDS-PAGE under 
non-reduced condition were collected. The thus obtained fractions were dialyzed against distilled water overnight, and 
lyophitized. 
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The resulting natural human urine sotut>le thrombomoduiins. i.e. UTMI and liTM2 had the partiaJ structure and the 
properties as descrft>ed below. 

(1)UTM1 

a) molecular weight: 72.000 ± 3.000 

[measured by socfium dodecyt suttate (SOS) - polyacrytamide gel electrophoresis (PAGE) under non-reduced 
condition]; 

b) isoelectric point: 3.9 ± 0.2; 

c) terminal amino acid sequence (amino add sequence of SEQ ID NO. 1 in th Sequence Listing) 
N terminal: 

Ala-Pro- Ala-Glu-Pro-Gln-Pro-Gly-Gly- 
Ser-Gln-Cys-Val-Glu-His-Asp-Cys-Phe-Ala-Leu-Tyr- 
Pro-Gly-Pro-Ala-Thr-Phe-L.eu- , 

and 

C terminal: -Leu-Ata-Arg or -Leu-Val-Arg; and 

d) sugar composition (% by w»ght): 
neutral sugar: 5.5 ± 1 .0% 

[measured fcv pheno! sulphuric add method), 
amino sugar 2.2 ± 1.0% 

[measured by Elson-Morgan's method (BHx's modification)!, and 
siaOcadd: 2.8 ±1.5% 
[measured by Warren's method). 

(2)UTM2 

a) molecular weight: 79,000 ± 3.000 

[measured Ijy SDS-PAGE under non-reduced condition); 

b) rsodedric point: 3.8 ± 0.2; 

c) terminal antino add sequence (amino acid sequence of SEQ ID NO. 1 in th Sequence Listing) 
N ternunai: 

Ala-Pro-Ala-Glu-Pro-Gln-Pro-Gly-Gly- 
Ser-Gln-Cys-Val-Glu-His-Asp-Cys-Plie-Ala-Leu-Tyr- 
Pro-Gly-Pro-Ala-Thr-Phe-Leu- , 



and 

G terminal: -Leu-AIa-Arg or -l_eu-Val-Arg; and 
d) sugar composition (% by weight): 
neutral sugar: 6.2 ± 1 .0% 
[measured by phenol sulphuric add method], 
amino sugar 3.1 ± 1.0% 

[measured by Elson-Morgan's method (BHx's modification)], and 

siancadd:3.e±1.5% 

[measured by Warren's method). 
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f Preoafctt'on of sotubte thr ofnbomodu(in-21 

Preparation of genetically engineered recombinant human solubte thro mbomcxjulin (RTMl) 

Reconnbinant human soti^e thrombomodulin was prepared in accordance with the method descnlied in 
WO92/D0325. A vector expressing soluble thrombonnodulin (ruTM-Ala) oonrprising 456 amino acid residues was pre- 
pared by utilizing a DNA probed from human placental cONA library, and the resutttng vector was introduced in CHO 
celt. Gene ampliTrcation was conducted to produce a cell tine of high expression. The culture medium of the high expres- 
sion cell line was purified by DlP-thronnbin-agarose column chromatography and gel filtration to obtain the desired product 
(RTMl). 

(Preparation of SQtut)le throfntxyrtodulin-3) 

Preparation of qeneticaltv engineered recombinant human solutrfe thrombomodulin f ffrM2) 

Recombinant human soluble thrombomodulin was prepared in accordance with the method described in 
WO92A)0325, A vector expressing soluble thrombomodulin comprising 498 amirw) acid residues having amino terminal 
anrano acid sequence of Ala-Pro-Ala- was prepared by utilizing a DNA probed from human placental cDNA litwary. and 
the resulting vector was introduced in CHO ceil. Gene arrplrf ication was conducted to produce a cell line of high expres- 
sion. The culture medium of the high expression cell line was purified by DIP-thrombin-agarose column chromatography 
arxi gel fOtratton to obtain the desired product (RTM2). 

The present invention is further described l>y referring to the following experiments, which by no means limit the 
scope of the invention. 

(Experiment 1) 

UTMO prepared in the above<Jescnl>ed "Preparation of sotut)le thronnbonrodutin-1 * was used to prepare the lyophi- 
Itzed injections as shown below. The injections were stored in an incut>ator at SO^'C. and evaluated for their residual titer 
after storing for 3 and 6 months, and for th^r aggregation formation rate after storing for 6 months by the procedure as 
descrtoed below. The results are shown in Tattles 1 and 2. It should t>e noted that the percemage of the residual titer 
shown in Table 1 is the percentage of the residual titer after storing at SO'^C in relation to the residual titer of the same 
irijection after storing at 4"C for the same period. The UTMO used in the experiment contained 69% off the UTM1 ajKl 
31% of the UTM2. 

Preoaration 1 

In 30 ml of distilled water adapted for use in preparing injections were dissolved 75 mg titer of UTMO arxi 300 mg 
of maltose. The resulting solution was aseptically filtered, and the filtrate was fOled in sterilized glass viats in 1 ml portions. 
The content of the vials was then lyophilized to prepare the Injection that is to t>e dissolved before its use. 

The above-desGrit>ed procedure was r^eated by using the ingredients as descn'bed below to prepare Preparations 
2 to 9. 

Preparation 2 



UTMO 


75 mg titer 


lactose 


300 mg 
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Preparation 3 



LTTMO 


75 mg titer 


Sucrose 


300 mg 



Preparation 4 



UTMO 


75 mg titer 


Arginine hydrochloride 


600 mg 



Preparation 5 



UTMO 


75 mg titer 


Gtucose 


300 mg 



Preparation 6 



UTMO 


75 mg titer 


Mannitol 


300 mg 



Preparation 7 



LTTMO 


75 mg titer 


Glydne 


600 mg 
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UTMO 


75 nxQ titer 


Purified gelatin 


GOO mg 



Preparation 9 



UTMO 


75 mg titer 


Hunnan Berum albumin 


300 mg 



(Measurement of titer) 

The preparations were e\/atuated for their ability to activate protein C in the presence of thrombin by using Gtu-Pro- 
Arg-p-NA (manufactured by Kabi) for the syntheUc sut>strate. Human urine solut^le thrombomoduirn (UTMO) purified by 
Mochida PharmaceuticaJ Co., Ud. was used for the standard. 

The standard soluble thrombonxx^tin arxl the solut^le throrrbomodulin-corrtaining preparations were respectively 
diluted with 0.0S% Tween 20/rris-HCI buffer, pH 8.4 to a suitable concentration. To 20 of the dilution was added 60 
of 20mM CaCl2Ans-HCI buffer, pH 8.4, arxJ then 20 jtl of bovine thrombin (manufactured tiy Mochida Pharmaceutical 
Ca, Ltd.), and the reaction was promoted at room temperature for 20 minutes. To the reaction mixture was added 20 \ii 
of 12 U/nril solution of human protein C (manufactured by American DiagrK>s1ica). and the reaction was promoted at 
room temperature for 20 minutes. To the reaction solution was added 80 of mixed solution of hunnan antithrorr^n III 
(manufectured by The Green Cross Corporation) and heparin (maruifactured by Mochida Pharmaceutical Co., Ud.) to 
a final concentrations of 0.15 U/ml and 15 U/ml, respectively, and the reaction was promoted at room temperature for 
20 minutes. 125 of the reaction solution was aliquoted, and 125 p.! of 3mM solution of the syrrthetic substrate was 
added to the aliquoted reaction solution. At^sorption at a wave length of 405 nm was continuously measured at room 
terrperature to deternmne initial reaction rata A caia^ation curve was depicted by using the standard solution, and the 
titer of the preparations was evaluated by refem'ng to the calEbration curve. The thus determined titer was converted to 
the titer of rabbit lung thrombomodufin aocorrfing to the descrifiAion of Japanese Patent Appltca^ Laid-Open No. 
3(1991)-218399. 

(Measurement of aqgreoation fprmation rate) 

Aggregation formation rate of the solul>le thromtxxnodufin was measured tjy gel filtration using TSK-geT** G3000 
SWxL (manufactured by Toyo Soda Mfg. Co., Ltd.). 

Table 1 





Additive 


ReskJuai titer (%) 




Type 


Amt. (mg) 


3 months 


6 months 


Examples 










Preparation 1 


maltose 


300 


99.6 


98.9 


Preparation 2 


lactose 


300 


99.8 


99.3 


Preparation 3 


sucrose 


300 


98.4 


98.7 


Preparation 4 


arginine hydrochloride 


600 


99.6 


99.6 


Comparative Examples 
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Table 1 



Preparation 5 


glucose 


300 


96.0 


97.6 


Preparation 6 


mannHol 


300 


91.3 


89.3 


Preparation 7 


glycine 


600 


92.9 


82.2 


Preparaticm 8 


purified gelatin 


600 


89.0 


95.6 


Preparation 9 


HSA 


300 


87.7 


84.8 
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Table 2 





Addftive 


Aggregation formation rate (%) 




Type 


Ami (mg) 


Immediately after tyophilization 


After 6 months 


Examples 










Preparation 1 


maltose 


300 


0.0 


0.8 


Preparation 2 


lactose 


300 




0.0 


Preparation 3 


sucrose 


300 




0.6 


Preparation 4 


argirvne hydrochloride 


600 


0.0 


0.0 


Comparative Exanples 










Pr^jaration 5 


glucose 


300 


1.4 


3.4 


Preparation 6 


mannitol 


300 


0.0 


4.0 


Preparation 7 


glycine 


600 




5.7 



As shown in Tables 1 and 2. the stabilization effect of the additive on the human urine &oUit)(e thrombonrKKjulin was 
significant in the case of maltose, lactose, sucrose, and arginine hydrochloride compared to the case of other common 
additives such as glucose, mannitol, glycine, purified gelatin, and human serum albumin (HSA). In other words, the 
human soluble throrrixMnoduIin underwerrt a significant increase in its storage stability. The stabilization effect was most 
35 significant when lactose and arginine hydrochloride were added. 



(Experiment 2) 

UTM1 and UTM2 prepared in the above^escribed "Preparation of soluble thrombomoduBn-l • were used to prepare 
40 the lyophiltzed conpositions as shown bdow. The conpositions were stored in an irKut>ator at a temperature of 40*C 
arx! at a hurrodity of 75%. After storing for 6 morrtfis, the compositions were evaluated for their residual titer and aggre- 
gation formation rate repeatirtg the procedure of Experiment 1. The results are shown in Tables 3 and 4. The per- 
centage of the residual titer shown in Tat)le 3 is the percentage of the titer after the storage in relation to the titer before 
the storage. 

45 

In 1 n^ of purified water were dissoh^ 2.5 mg titer of UTM2 and 10 mg of maltose, and the resulting solution was 
lyophOtzed. 

50 The above^escribed procedure was repeated to prepare the Compositions 2 to 8 by using the ingredients as 
described below. 



55 
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Comoosrtion2 



UTM1 


2.5mgtitef 


Lactose 


10 mg 



10 

Comooshion3 

IS 



UTM2 


2.5 mg titer 


Arginine hydrochloride 


20 mg 



20 

Composftion 4 

25 



UTM1 


2.5 nr>9 titer 


Sucrose 


10 mg 



ComposftionS 

35 



UTMl 


2.5 mg titer 


Manm'tol 


10 mg 



45 Composttion 6 



UTMl 


2,5 mg titer 


Gdyctne 


20 mg 



Composition 7 

55 



LfTMl 


2.5 mg titer 


Purified g^ti'n 


20 mg 
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Comooshiona 



UTM1 


2.5 mg titer 


HSA 


10 mg 



IS 
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Table 4 





Soluble thrombomodulin 


Additive 




Aggregation for- 












mation rate (%) 




Type 


nr*g titer 


Type 


Ami. (mg) 




Examples 












Composition 1 


inM2 


2.5 


maltose 


10 


0.7 


Composition 2 


UTMl 


2.5 


lactose 


10 


0.4 


Composition 3 


UTM2 


2.5 


arginine hydrochloride 


20 


0.0 


Conrposition 4 


UTMl 


2.5 


sucrose 


10 


0.0 


Comparative Examples 












Conrxposrlion 5 


UTMl 


2.5 


mannitol 


10 


4.0 


Conrposilion 6 


UTMl 


2.5 


glydne 


20 


2.9 



As shown in Tables 3 and 4, the stabifization effect of the additive on the human urine soluble thrombomodulin was 
significant in the case of maltose, lactose, sugar, and arginine hydrochloride compared to the case of other common 
additives, arxl the stabilization effect in the case of long term storage was particularly significant. 

(Experiment 3) 

Evaluation of the stabilit y of the solution 

UTMO pr^ared in the above-described "Preparation of soluble throrrbomodunn-l" was used to prepare 0.05 mg 
tfter/TTrf soluble thron^xxnodulin solution containing 0.5 to 5 mgAnI maltose, lactose, sucrose or arginine hydrochloride. 
The resulting solution was stored at room temperature for 24 hours, and the residual titer was measured after the storage 
by the procedure described in Experiment 1 . No solution exhibited significant loss of the activity. 

If the soluble thrombomodulin became denatured to form aggregates, arxJ the composition including such aggre- 
gates were introduced into human tilood, there is a risk that the aggregates conprisir^ a denatured protein may induce 
immunological response such as hypersensitivity or thrombosis. Accordingly. I<w aggregation formation rate is a merit 
of great importance for a medical preparation used for injection. In developing preparations, storability at room temper- 
ature of the preparation is generally determined by evaluating the stability of the preparation after storing 6 month at 
40'C- The soluble thromt)omodulirvcontaining preparation of the present invention was quite stable after storing for 6 
month under wofe s&f&e concfitions of SO^'C as demonstrated in the experiments as described above. The soluble 
thront>omodulin-containing conposition in the form of a solution also had a good storability. Therefore, when the solut^le 
throrT*X)modulin-corrtaining composition in the form a tyophilized preparation is dissolved before use, the solution can 
be safely used. 

(Experiment 4) 

UTMO prepared in the above-descril>ed "Preparation of soluble thrombomodulin- 1" was used to prepare the com- 
positions in the form of solution as described below to evaluate the titer. In addition to such solutions, a contrast solution 
was prepared by dissolving 2.5 mg m& of UTMO by 2.0 ml of physiological safine, and the contrast solution was also 
evaluated for its titer. To physiological saline (100 ml) in a plastic container was added 0.24 ml of the thus prepared 
solution using a syringe to dilute the soluble thrombonwdulin to a theoretical final concentration of about 0.003 mg 
titeryhil. The thus diluted solution was collected 3 hours after the dilution to evaluate the residual titer. The titer was 
evaluated by repeating the procedure of Experiment 1 , atxwe. 

QpmpQSitiQn 9 

2.5 mg titer of UTMO was mixed with 5 mg of F*olysort>ate 80, and the mixture was dissolved in 2 ml of physiological 
saline. 
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Composition 10 

2.5 mg titer of UTMO was mixed with 10 mg of purified gelatir^. and the mixture was cfissofved in 2 ml of physiologicaf 
saline. 

5 Tables 





Additive 


Residual titer (%) after storage 
tn a container (Plastic bottle) 




Type 


Rnal cone. (%) 




Example 








Composition 9 


Polysort>ate 80 


0.0006 


36.9 


Comparative Exanrtple 








Corrposition 10 


purified gelatin 


0.0012 


87.5 


Contrast 














79.6 



{ ; 20 

As shown in Table 5. human urine solut)le thrombomodulin exhibrted a marked adsorption onto the plastic container. 
Anti-adsorption effect attained by the addition of Potysorbate 80 was more significant than the effect attained by the 
addition of the pure gelatin. 

25 

(Experiment 

UTMO prepared in the above<lescnt>ed "Pr^>aration of solutile thrombonrxxjulin-l" was used to prep>are the com- 
positions in the form of solution as descrik>ed below to evaluate the titer. In addition to such solutions, a contrast solution 
was prepared by dissolving 2.5 nr>g titer of UTMO by 2.0 ml of physiological saline, and the contrast solution was also 
evaluated for its titer. An infusion system (TERU fusion® TS-A200CK, marurfacture by TERUMO) was mounted to a 
plastic container filled with physiological saline, and 1 ml of the thus prepared solution was added to the physiological 
saTme (500 ml» OTSUKA SEISHOKU CHU nranufactured by Otsuka Pharmaceuticals Ca, Ltd. in the plastic container) 
to dilute the soli^e thrombomodudin to a theoretical final concentration of atx>ut 0.0025 mg titer/mt. The solution that 
had passed through the infusion set imnrtediately after the cfilution and the solution that was directly collected from the 
plastic bottle were evaluated for their residual titer. The titer was evaluated by repeating the procedure of Experiment 1 . 
above. 

Composition 11 

2.5 mg titer of UTMO was mixed with 1 mg of Polysorbate 80. arxl the mixture was dissolved in 2 ml of physiological 
saline. 

The aboveKlescrS>ed procedure was repeated to prepare the Compositions 2 to 6 by using the ingrecfients as 
described bdow. 

Composftion 12 



UTMO 


2.5 mg titer 


Polysort>ate 80 


0.5 mg 



55 
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Conrc)Osftion 13 



UTWO 


2.5 mg titer 


Poiysofbate 20 


1 mg 



10 

Composition 14 



15 



UTMO 


2.5 mg titer 


Polysortjate 20 


0.5 mg 



20 



Cgfimposrtlon 15 

25 





UTMO 


2.5 mg titer 




Pluronic F68 


5mg 


30 






Comix35ition 1 6 








UTMO 


2.5 mg titer 


35 


Pluroruc F68 


1 mg 



40 



45 



SO 



55 



EP 0 689 843 A1 



10 



u 

Q) 

-u> 



nJ 

-H 
(0 
0) 



0 

Cn 
(d 
u 
o 

4-) 
W 

M 
01 
iJ 

CO 



0) 

c 

'f-4 

o 
o 



u 



CO 


o 


m 




CN 


in 


m 
o 


CO 




CO 


CM 


CO 



15 



20 



25 



Q) 

•H 
4J 



(0 



cn 
cd 



to *♦-( 
PS 



0) 

o 

4-» 



W 
> 

m 

C 
O 

ui 





CM 


CM 




CX) 




ro 








m 




CM 


m 


CO 


OO 


OO 


CO 









45 



50 



0)1 
> 



CX4 



dp 



0)1 





in 




Ln 








o 


r-t 


o 


in 


rH 


o 


o 


O 


o 


o 


0 


o 


o 


O 


o 


o 


0 


o 


o 


O 


o 


o 


0 


o 


o 


O 


o 


o 


0 


o 


o 


O 


o 






OO 


CO 


CN 


CN 














OO 


CO 


Q) 




<!> 


0) 


vo 


10 






4J 










cd 


(d 


fd 








■8 


-Q 


43 


o 


0 






u 


u 


-H 


•H 


o 


o 


o 


o 




c: 


CO 


CO 


cn 




o 


0 


>1 


>» 


>! 




u 


M 


rH 




1-1 


rH 


:3 


:3 


O 


o 


o 


O 


i-H 


rH 








04 


O4 


O4 


l-l 


CN 


n 




in 


VO 


rH 


I-l 


rH 


tH 


rH 


rH 



c 
o 



CO 

o 

i- 

o 
u 



o 

-H 
4J 

•H 
CQ 

o 

t 



c 
o 

•H 

JJ 

-H 

to 

O 

I 



c 
o 

-H 
-U 
-H 
(0 
O 

i* 
o 
o 



o 

•H 

u 

-rl 
CO 

o 

I 

u 



G 

o 

•H 
X> 
•H 
« 

o 

I 



4-» 

Cd 
td 
u 

4J 

c 
o 



55 



As shcrwn in Table 6. addrtion of Polysorbate 80. PoJysofbate 20 and Phjronic F68 at a concentration of 0.00005% 
by weight or higher was eff ec:five in retaining the activity of the diluted solution off the hunnan urine sdulrie thrombonxxlulin 
both in the infusion set and in the plastic container. 
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(Experiment 6) 



UTMO prepared in the above-described "Preparation of soluble Ihrombomodufin-l" was used to prepare the lyophi- 
tized injections as shown below. The injections were stored in an ino^tor 8150*^0, and evaluated for their residual trter 
5 after storing for 3 and 6 months. The titer was evaluated by repeating the procedure of Experiment 1 , above. The results 
are shown in Table 7. It should be noted that the residual titer is shown in t^ms of percentage in relation to the titer 
immediately after the lyophilization. 



Pfeparation 10 

In 60 ml of distilled water adapted for use in preparing injections were dissolved 1 50 mg titer of UTMO. 1 200 mg of 
arginine hydrochloride, and 60 mg of Pluronic F68. The resulting solution w^as aseptically filtered, and the filtrate was 
filled in sterilized glass vials in 2 ml portions. The content of the vials was then lyophilized to prepare the injection that 
is to be dissolved before its use. 

The at>ove-descrit)ed procedure was repeated by using the ingredients as described t)elow to prepare Preparations 

11 to 13. 
Preparation 1 1 





UTMO 


150 mg titer 




Argirone hydrochloride 


1200 mg 


25 


Polysort>ate 80 


60 nr^ 




Purified gelatin 


300 mg 



30 

Preparation 12 



UTMO 


150 mg titer 


Maltose 


600 mg 


Pluronic F68 


60 mg 



Eieparation 13 



UTMO 


150 


nr^g titer 


Maltose 


600 


mg 


Plurorvc F68 


60 


mg 


Purified gelatin 


300 


nrtg 



55 
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Table? 



Examplos 


AckJitrve 


Residual titer (%) 




lype 


mil. \iiiyy 




D iTHJlIu R> 


Preparalion 10 


argintne hydrochloride 


12O0 


100.4 


101.0 




Pluronic F68 


60 






Preparation 1 1 


arginine hydrochloride 


1200 


99.3 


100.2 




Pdysorbate 80 


60 








purified gelatin 


300 






Preparation 12 


maltose 


600 


100,4 


100.1 




Pluronic F68 


60 






Preparation 13 


maltose 


600 


99.2 


99.7 




Pluronic F68 


60 








purified gelatin 


300 







As shown in Table 7, addition of arginine or maltose in corrbination with a nontontc surface-active agent resulted in 
a significant improvement in long-term storabiltty oi the human urine soluble thrombomodulin. The results confirmed the 
availability of a soluble thronnbomodulin-containing conposrtion having an excellent stability to endure long-term storage 
which would not exhibit adsorption of the soluble thromtxKnodulin on the container surface after dilution to a low con- 
centration. 

(Examples o f preparations) 

The present invention is further illustrated l>y referring the following examples, which by no means limit the scope 
of the invention. 



UTMO 


10 mg titer 


Lactose 


100 mg 


Purified gelatin 


100 mg 



The ingredients were dissolved in distilled water adapted for use in preparing injections to make up a total volume 
of 10 ml, and the resulting solution was aseptically filtered. The filtrate was f flied in sterilized vials in 1 .0 ml portions, and 
the content of the vials was lyophitized to prepare the lyophifized soluble thrombomodulin^xxitaining composition. 
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UTMO 


25 mg titer 


Lactose 


100 mg 


Pturonic F68 


10 mg 


Otsodtum hydrogenphosphate dodecahydrate 


0.77 mg 


Sodium dihydrogenphosphate dihydrate 


0-18 mg 


Sodium chtorida 


2-73 mg 



IS 

The ingredients were dissolved in distilled water for injections to make up a total volume of 1 0 ml. and the resulting 
solution was asepticalty filtered. The filtrate was filled in sterilized vtals in 1 .0 ml portions, arxl the content of the vials 
was lyophtlized to prepare the tyophiHzed soti^e thrombomodulin-containing composition. 

20 

Example 3 



UTM) 


25 mg titer 


L-arginine hydrochloride 


200 mg 


Poly5ort>ate 80 


10 mg 


Disodium hydrogenphosphate dodecahydrate 


0.77 mg 


Socfium dihydrogenphosphate dihydrate 


O.ISmg 


Soc£um chloride 


2.73 mg 



The ingredierrts were dissolved in distilled water for injections to make up a total volume of 10 ml. and the resuhir>g 
solution was asepttcaJly filtered. The filtrate was filled in sterilized vials in 1.0 ml portions, and the content of the vials 
was lyophiDzed to prepare the tyophilized soluble thrombomodulin-containtng composition. 

Example 4 



UTMO 


25 


mg titer 


L-arginine hydrochloride 


200 


mg 


Pluronic F68 


10 


mg 



The ingredierrts were dissolved in distilled water for injections to make up a total volume of 10 ml. and the resulting 
solution was aseptically filtered. The filtrate was filled in sterilized vials in 1,0 ml portions. arxJ the content of the vials 
was lyophilized to prepare the lyophilized soluble throrrtwmodultn-corTtaining composition. 
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UTMO 


50 mg titer 


MaKose 


100 mg 


Purified gelatin 


100 mg 


Disocfium hydrogenphosphate dodecahydrate 


23.2 mg 


Sodium dihydrogenphosphate dihydrate 


5.5 mg 


Scxiium chloride 


81.8 mg 



Jhe ingredients were dissolved in distilled water for injections to make up a total volume of 10 ml. and the resulting 
solution was asepticalty filtered. The filtrate was filled in sterilized vials in 1.0 ml portions, arxl the content of the vials 
was tyophilized to prepare the lyophilized soti^e thrombonrodulin-contatning conposition. 

20 

Example 6 

A tyophilized solii)le thrombomodulir>-containing composition was prepared by using the same ingredients as Exam- 
ple 5- In the meanwhile. Q.1% aqueous solution of Pdysorbate 80 was aseptically prepared, and the solution was dis- 
25 pensed in ampoules in 1 .0 ml portions, and the ampoules were melt-sealed to prepare the ampoules having the solution 
for dissolution filled therein. 

Example 7 



UTMO 


25 mg titer 


Sucrose 


100 mg 


Purified gelatin 


10O mg 



The ingredients were dissolved in distilled water for injections to make up a total volume of 10 ml, arxi the resulting 
40 solution was aseptically filtered. The filtrate was filled in steriGzed vials in 1.0 ml portions, and the content of the vials 
was lyophilized to prepare the tyophilized soluble throirbomodufin-corrtaining composition. 

Example 8 

45 A tyophilized soluble thrombomodulin-containing composition was prepared by using the same ingredients as Exam- 
ple 7. In the meanwhile. 0.1% aqueous solution of Polysortsate 80 was aseptically prepared, and the solution was dis- 
pensed in ampoules in 1 .0 ml pxirtions. atvi the ampoules were melt-sealed to prepare the arrpoules having the solution 
for dissolution filled therein. 

so 



55 
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Example 9 



UTM1 


25 mg titer 


Lactose 


800 mg 


Purified gelatin 


100 mg 


DiscxJium hydrogenphosphate dodecahydrate 


23.2 mg 


Sodium dihydrogenphosphate dihydrate 


5.5 mg 



15 The ingredierrts were dissolved in distilled water for injections to make up a total volume oil 0 ml, and the resulting 
solution was aseptically filtered. The filtrate was filled in sterilized vials in 1 .0 ml portions, and the content of the vials 
was lyophilized to prepare the lyophilized solutkle thrombomodulin-containing composition. 

Exannole 10 

20 





imA2 


50 mg titer 


25 


L-arginine hydrochloride 


200 mg 




Purified gelatin 


100 mg 



30 The ingredients were dissolved in distilled water for injections to make up a total volume of 1 0 ml, and the resulting 
solution was aseptically filtered. The filtrate was filled in stenlized vials in 1 .0 ml portions, and the content of the vials 
was lyophilized to prepare the lyophilized soluttle ttiroirbomodulin-containing composition. 



Exannple 11 



UTMl 


10 mg titer 


Sucrose 


100 mg 


Potysort>ate 80 


50 mg 


Oisodium hydrogenphosphate dodecahydrate 


23-2 mg 


Sodium dihydrogenphosphate dihydrate 


5.5 mg 



The ingredients were dissolved in distiDed water for injections to make up a total volume of 10 ml. and the resulting 
solution was aseptically f ntered. The filtrate was filled in stenlized vials in 1 .0 ml portions, and the content of the vials 
so was lyophifized to prepare the tyophifized soluk>le thrombomodunn-containing conrposition. 
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Example 12 



UTM2 


50 mg titer 


L-argtnine hydrcx^hloride 


200 mg 


Purified gelatin 


100 mg 


Polysorbate 80 


10 mg 



The ingredients were dissolved in distilled water for injections to make up a total volume of 10 ml. and the resulting 
15 solutoon was asept'caJly filtered. The filtrate was filled in sterilized vials in 1.0 ml portions^ arxi the content of the vials 
was lyophilized to prepare the lyophilized soluble throHnbonrxxJuHn-corrtaining composition. 

Example 13 

20 



FTTM1 


25 nr>g titer 


Lactose 


200 mg 


Polysoft>ate 80 


lOn^ 


Disodhim hydrogenphosphate dodecahydrate 


0.77 mg 


Sodium dihydrogenphosphate dihydrate 


0-18 mg 


Sodium chloride 


81.8 mg 



The ingredients were dissolved in distilled water for injections to make up a total volume of 10 ml, and the resulting 
35 solution was a&epticalt/ filtered. The filtrate was filled in sterilized vials in 1.0 ml portk>ns, and the content of the vials 
was lyophilized to prepare the lyophifized soluble thronntx>moduIirHcontainrng composition. 

Exannole 14 

40 





25 mg titer 


Lactose 


200 mg 


Pluronic F68 


10 mg 


Disodium hydrogenphosphate dodecahydrate 


0.77 mg 


Socfium dihydrogenphosphate dihydrate 


0.18 mg 


Sodium chloride 


dl.dmg 



The ingredients were dissolved in distilled water for injections to make up a total volume of 10 ml. an6 the resulting 
55 solution was aseptically filtered. The filtrate was filled in sterilized vials in 1 .0 ml portions, and the content of the vials 
was lyophilized to prepare the lyophilized solut)le thrombomodulin-containing conrposition. 
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fO 



RTM2 


25 mg titer 


Lactose 


100 mg 


Purified gelatin 


100 mg 



IS 



The ingredients were dissolved in dtstifled water for injections to make up a total volume of 1 0 ml. and the resulting 
solution was aseptically filtered- The filtrate was filled in sterilized vials in 1.0 ml portions. arxJ the content of the vials 
was fyophifized to prepare the tyophtlized soluble thronnbonxxiulin-containing conrposition. 

A lyophilized soluble throrribomodulirvcontainrng composition was prepared by using the same ingredients as Exam- 
ple 15. In the meanwhile, 0.1% aqueous solution of Pdlysort>ate 80 was aseptically prepared, and the solution was 
20 dispensed in anpoules in 1.0 ml portions, and the ampoules were melt-sealed to prepare the ampoules having the 
solution for dissolution fflled therein. 



ExarT Tp lQ 1 7 



RTM2 


10 mg titer 


Maltose 


100 mg 


Purified gelatin 


100 mg 


Disodium h/drogenphosphate dodecahydrate 


0.77 mg 


Sodium dihydrogenphosphate dihydrate 


0.18 mg 


Sodium chloride 


81.8 mg 



The ingredients were dissolved in distilled water for injections to make up a total volume of 10 ml. and the resulting 
40 solution was aseptically filtered. The filtrate was filled in sterilized vials in 1.0 ml portions, and the content of the vials 
was lyophilized to prepare the lyophilized solutrfe thronnbomodulin-containing composition. 

Exarnple 18 

45 



RTM2 


10 mg titer 


Maltose 


100 mg 


Purified gelatin 


100 mg 


Pluronic F68 


10 mg 


Disodium hydroger\phosphate dodecahydrate 


0.77 mg 


Sodium dihydrogenphosphate dihydrate 


0.18 mg 


Sodium chloride 


81.8mg 
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The ingredimts were dissolved tn dist'Ded water for injections to nnake up a total volume of 10 ml, and the resutting 
solution was aseptically ftttered. The filtrate wcis filled in sterilized vials in 1.0 ml portions, and the content of the vials 
vras lyophilized to prepare the fyoF>hinzed soluble thronnbomodurin-corTtaining connposition. 

5 Example 19 



10 



IS 



20 



UTMO 


25 mg titer 


L-arginine h/drochtorida 


100 mg 


Lactose 


100 mg 


Potyso[t>ate 80 


10 mg 


Disocfium hydrogenphosphate dodecahydrate 


0.77 mg 


Sodium dihydrogenphosphate dihydrate 


6.18 mg 


Sodium chloride 


2.73 nr>g 



The ingredients were dissolved in distilled water for injections to make up a total volume of 10 ml. and the resulting 
solution was aseptically filtered. The filtrate was filled in sterilized vials in 1.0 ml portions, and the content of the vials 
was lyophilized to prepare the lyophifized sofiAjle thrombonrodulin-containing composition. 

Example 20 



30 



UTMO 


25 mg titer 


L-arginine hydrochloride 


100 mg 


Maltose 


100 mg 


Pluronic F68 


10 mg 



The ingrediertts were dissolved in distilled water for injections to nr^ake up a total volume of 10 ml, and the resulting 
40 solution was aseptically filtered. The filtrate was filled in sterilized vials in 1.0 ml portions, and the content of the vials 
was lyophilized to prepare the lyophilized soluble thrombomodulin-containing composition. 

Example 21 
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UTMI 


10 mg titer 


Lactose 


100 mg 


Sucrose 


100 mg 


Polysort>ate 80 


50 mg 


Diso(£um hydrogenphosphate dodecahydrate 


23.2 mg 


Sodium dihydrogenphosphate dihydrate 


5.5 mg 
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C) 



10 



IS 



20 



The ingredients were dissolved in distifled water tor injections to make up a total volume of 1 0 ml. and the resulting 
solution was aseptically Ifltered. The filtrate was filled in sterilized vials in 1 .0 nol portions, and the content of the vials 
was lyophiHzed to prepare the tyophtlized solutsle thrombomodutin-corH£uning composition. 

SEQUENCE LISTING 



Sequence ID No . : 1 
Sequence length: 28 
Sequence type: amino acid 
Molecule type : protein 
Source organism: human 

Sequence : Ala-Pro-Ala-Glu-Pro-Gln-Pro-Gly- 



Gly-Ser-Gln-Cys-Val-Glu-His-Asp- 
10 15 

Cy s - Phe - Al a - Leu - Ty r - Pr o -G ly - Pr o - 
20 

Ala-Thr - Phe - Leu- 
25 



35 Industrial Utilrty 

As described above, the sotutsle thromtx)modulin-contajning composition of the present invention ts stable through- 
out the processes of freezing, drying, storage, temperature elevation, and dissolution. In particular, the lyophiCzed solut)le 
thronnboniodulin-oontaining composition of the present invention has an excellent long term storabiltty at room temper- 

40 ature. The critical components for the stabi&zation or the anti-adsorption that have been found tn the present invention 
are highly safe, and when the composition of tfie present invention is used for a mecficament. such additives enable the 
V, ) high quality of the medicament to be retained for a prolonged period with no risk of tnactivation or aggregate formation. 

In particular, the lyophilized solutde thrombomoduCn-containing conposition of tfte present invention is suff identty stable 
to ertdure the storage at SO^C for 6 months, tn addition, the solut^le thromtx>nwxtuUn-containing composition of the presem 

45 invention would not exh^ adsorption of the sotutjte thrombomodulin ev^ when it is diluted to constitute an aqueous 
solution of a low concentration, and therefore, it can be diluted with an infusion t>efore its administration at clinical sites 
without undergoing any decrease in the effective amount of the soluble throntx>modulin. Therefore, the solutsle throm- 
b»omodulin-contaimng compo^tion of the present invention would constitute a highly safe, room tenrpemture-storat»l6 
prophylactic or therapeutic agent that can be used for t>lood coagulation disorder-related diseases. The solutsie throm- 

50 k>omodutin-containing composition of the present invention would also constitute a prophylactic or therapeutic agent for 
blood coagulation disorder-related diseases which would not exhibit adsorption of the sotut>le thrombonruxJulin onto the 
container surface upon clinical use. The soluble thrombomodutin-containing conpositioa the production method th&'e- 
for, the stabilization agent, the stabilization method, the anti-adsorption agent, and the anti-adsorption metNxi of tf^e 
present invention may also be utilized in the purification of the soluble throrrbonrtoduDn, and in the storage of soluble 

55 throrrbonwdufin stock. 
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Claims 

1 . A soluble thronnborrodulin-corTtainlng composvton 
characterized in that said connposition connprises 

a soluble thronnbomodulin. and 

at least one memb& selected from the group cor^sting of maltose* lactose, sucrose, and argtrune and a salt 
thereof. 

2. A soluble throrrtwrnodulin-conteining composition 
characterized in that said oompo^tion connprises 

a soli^e thronrixmvxiutin. arvf 
a noroonic surface-active agent. 

3. A soluble thronixsmodulin-containtr^ composition 
characterized in that said connposition connprises 

a solut^le thronnbomodulin. 

at least one mOTba* selected from the group consisting of maltose, lactose, sucrose, arxf arginine and a salt 
thereof, arxi 

a nonionic surface-active agent. 

4. The soluble throntx>nnodulin-cont^ning composition according to any one of claims 1 to 3 wherein said soluble 
thrombonxxfulin is a human urine soluble thrombomodulin. 

5. The solUt)le thronr^x>nrx)duKrvoontaining connposition according to daim 4 wherein said human urine solutjie throm- 
bonxxJulin is a sutjstance having a partial structure arxJ properties as described below; 

a) nrwlecular weight: 72,000 ± 3.000 

[measured by sodium dodecyl sulfate (SDS)iX)lyacrytamide gel electrophoresis (PAGE) under non-reduced 
corxjition]; 

b) isoelectric point: 3.9 ± 0.2; 

c) terminEd amino acid sequence (amino acid sequence of SEQ ID NO. 1 in th Sequence Listing) 
N temrtinal: 

Ala-Pro-Ala -Glu-Pro-Gln-Pro-Gly-Gly- 
Ser-Gln-Cys-Val-Glu-His-Asp-Cys-Phe-Ala-Leu-Tyr- 
Pro-Gly-Pro-Ala-Thr'-Phe-Leu- , 

and 

C terminal: -Leu-Ala-Arg or -Leu-VSal-Arg; and 

d) sugar connposition (% by weight): 
neutral sugar: 5.5 ± 1 .0% 

[measured by pherK>l sulphuric add method], 
amiru) sugar 2.2 ± 1 .0% 

[measured l3y ElsorvMorgan's method (BIix*s nrK)drfication)l. and 
sialic add: 2.8 ±1.5% 
[measured by Wren's method). 

6. The soluble throrrtxwnodulin-oontaining composition according to daim 4 wherein said hunran urine soluble throm- 
bonrKxJuIin ts a sut)stance havir^ a partial structure and properties as descrS>ed below: 

a) molecular weight: 79,000 ± 3.000 

[nveasured by SDS-PAGE under non-reduced oorKfrtion); 

b) isoelectric point: 3.8 ± 0.2; 
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c) terminai amino add sequence (anrnno acid sequence of SEQ ID NO. t in Ih Sequence Listing) 
N terminal: 

Ala-Pro-Ala-Glu-Pro-Gln-Pro-Gly-Gly- 
Ser-Gln-Cys-Val-Glu-His-Asp-Cys-Phe-Ala-Leu-Tyr- 
Pro-Gly-Pro-Ala-Thr-Phe-Leu- , 

and 

C tenninal: -Leu-Ala- Arg or -Leu-V&!-Arg; and 

d) sugar conposition (% by weight): 
neutral sugar: 6.2 ± 1 .0% 

(measured by phenol sidphuric add methodj. 
amino sugar 3.1 ± 1.0% 

(measured by Eison-Morgan's method (B!ix*s modification)), and 
siaBcadd:3.8± 1.5% 
(measured by Warren's method). 

7. The solutde thrombomodulin-containing composition according to any one of daims 1 to 3 wherein said soluble 
thrombonnodutin is a recombinartt human solut^e thrombomodulin. 

8. A soluble thrombomodulin-containing composition 
characterized in that said composition comprises 

two or nKire molecular spedes of solutde thrombonwdulins. arxi 

at least one member selected from the group consisting of maltose, lactose, sucrose, and arginine and a salt 
thereof. 

9. A soluble IhromboiTWduiin-corrtainir^ corrtposition 
characterized in that said composition oonprises 

two or nK>re molecular spedes of solut)le thrombonxxJulins. and 
a nonionic surface-active agent. 

10. A soluble thrombonrxxJulin-containing composition 
characterized in that said composition comprises 

two or more molecular spedes of soluble throrrbomodulins, 

at least one member selected from the group consisting of maltose, lactose, sucrose, and arginine and a salt 
thereof* arKi 

a nonionic surface-active agent. 

1 1 . The soluble tfiromlx>modufirvcontaining conposition according to any one of daims 1 to 1 0 wherein said composition 
has been lyophilized. 

12. A method for producing the solutjfe thrombomodulin-containir^ composition according to any one of daims 1 to 7 
and 1 1 corrprising the step of preparing a solution of at least one spedes of soluble thronrtbomodulin, and at least 
one m8nt>er selected from the group consisting of nnaltose, lactose, sucrose, arginine arwi a salt thereof; and a 
nonion^ surface-active agenL 

13. A method for produdr^g the solutsle thromborruxJulin-corttainirtg composition according to claim 12 comprising the 
step of lyophilizing the solutrfe thrombomodulin-contairwng composition in the fonn of the solution of at least one 
spedes of &olut>)e thrombonrKxJulin. end at least one memt^er selected from the gfoup consisting of maltose, lactose, 
sucrose, arginine and a salt thereof. 

14. A stabilizing agent for a soluble thromlxjmodulin characterized in that said agem conrprises at least one menrtber 
selected from the group consisting of maltose, lactose, sucrose, and arginine and a salt thereof. 



31 



EP0 689 843 A1 

1 5. A method for stabilizing a soluble thronnbomodutin characterized in that said method comprises the step of adding 
at least one mender selected from the group consisting of nr«ltose, lactose, sucrose, and arginine and a salt thereof 
to the soluble thromtxxnodurm. 

16. An anti-adsorption agent for a soluble thrombomodulin characterized in that said agent comprises a nonionic sur- 
face-active agent. 

17. A method for presrenting adsorption of a soluble thromt>omodufin characterized in that said method oonrprises the 
step of adding a rwnionic agent to the &olut)le thronr^moduRn. 
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